The origin of the strong magnetic fields measured in magnetars is one of the main uncertainties in the neutron star field. On the other hand, the recent discovery of a large number of such strongly magnetized neutron stars, is calling for more investigation on their formation. The first proposed model for the formation of such strong magnetic fields in magnetars was through alpha-dynamo effects on the rapidly rotating core of a massive star. Other scenarios involve highly magnetic massive progenitors that conserve their strong magnetic moment into the core after the explosion, or a common envelope phase of a massive binary system. In this work, we do a complete re-analysis of the archival X-ray emission of the Supernova Remnants (SNR) surrounding magnetars, and compare our results with all other bright X-ray emitting SNRs, which are associated with Compact Central Objects (CCOs; which are proposed to have magnetar-like B-fields buried in the crust by strong accretion soon after their formation), high-B pulsars and normal pulsars. We find that emission lines in SNRs hosting highly magnetic neutron stars do not differ significantly in elements or ionization state from those observed in other SNRs, neither averaging on the whole remnants, nor studying different parts of their total spatial extent. Furthermore, we find no significant evidence that the total X-ray luminosities of SNRs hosting magnetars, are on average larger than that of typical young X-ray SNRs. Although biased by a small number of objects, we found that for a similar age, there is the same percentage of magnetars showing a detectable SNR than for the normal pulsar population.
INTRODUCTION
Supernova explosions are among the most energetic and extreme events ever observed in the Universe. Supernovae are mainly distinguished in two main classes: core-collapse (CC) and thermonuclear supernovae. Core-collapse SNe result from the core collapse of a massive star (> 8 M⊙; see Woosley & Janka 2005 , for a review), while thermonuclear SNe are due to the explosion of a white dwarf in a binary system with a giant star (single-degenerate origin), or from two low-mass white dwarfs in a binary system (double-degenerate origin; Hillebrandt & Niemeyer 2000) . Core-collapse SNe might leave behind a fast rotating (several milliseconds) and strongly magnetized (> 10 12 G) stellar core which is now made by degenerate matter: a so-called neutron star. At the same time the envelope of the massive star, ejected at high speed (∼ 10 4 km s −1 ) into the interstellar medium, interacts with it, resulting in what is called a Supernova Remnant (SNR). In the standard picture a SNR evolves in time following four main expansion phases: free expansion, Sedov-Taylor phase, radiative and merging phase. The timescales and properties of each of those phases are characterized by the initial SN explosion energy, interstellar ambient density, and the age of the remnant (see Vink 2012 for a recent review).
In the recent years, a class of highly magnetized neutron stars (a.k.a. magnetars) have been discovered. Magnetars are a small group of X-ray pulsars (about twenty objects with spin periods between 2-12 s) the emission of which is not explained by the common scenario for pulsars. In fact, the very strong X-ray emission of these objects (Lx ∼ 10 35 erg) seemed too high and variable to be fed by the rotational energy alone (as in the radio pulsars), and no evidence for a companion star has been found in favor of any accretion process (see Mereghetti 2008 and Esposito 2011 for reviews) . Assuming the typical magnetic loss equation for rotating neutron stars, their inferred magnetic fields appear to be in general of the order of B ∼ 10 14 − 10 15 G (although low magnetic field magnetars have been recently discovered Rea et al. 2010 Rea et al. , 2012 . Because of these high B fields, the emission of magnetars is thought to be powered by the decay and the instability of their strong fields (Duncan & Thompson 1992 ; Thompson & Duncan 1993 ; Thompson et al. 2002) .
The exact mechanism playing a key role in the formation of such strong magnetic fields is currently debated; in particular it is not clear which are the characteristics of a massive star turning into a"magnetar" instead of a normal radio pulsar, after its supernova explosion.
Preliminary calculations have shown that the effects of a turbulent dynamo amplification occurring in a newly born neutron star can indeed result in a magnetic field of a few 10 17 G. This dynamo effect is expected to operate only in the first ∼ 10 s after the supernova explosion of the massive progenitor, and if the proto-neutron star is born with sufficiently small rotational periods (of the order of a few ms). The resulting amplified magnetic fields are expected to have a strong multipolar structure, and toroidal component (Duncan & Thompson 1992 Thompson & Duncan 1993) . However, this scenario is encountering more and more difficulties: i) if magnetic torques can indeed remove angular momentum from the core via the coupling to the atmosphere in a pre-SN phase, then the core soon after the SN might not spin rapidly enough for this convective dynamo mechanism to take place (Heger et al. 2005) ; ii) such a fast spinning proto-neutron star would require a supernova explosion one order of magnitude more energetic than normal supernovae, possibly an hypernova, which is not yet clear on whether it can indeed form a neutron star instead of a black hole. Recent simulations have shown that gamma-ray bursts (GRBs) and hyper-luminous supernovae can indeed be powered by recently formed millisecond magnetars (Metzger et al. 2011; Bucciantini et al. 2012) , although no observational evidence of the existence of such fast spinning and strongly magnetized neutron stars have been collected thus far.
Besides the fast spinning proto-neutron star, a further idea on the origin of these high magnetic fields is that they simply reflect the high magnetic field of their progenitor stars. Magnetic flux conservation (Woltjer 1964) implies that magnetars must then be the stellar remnants of stars with internal magnetic fields of B > 1 kG, whereas normal radio pulsars must be the end products of less magnetic massive stars.
Recent theoretical studies showed that there is a wide spread in white dwarf progenitor magnetic fields (Wickramasinghe & Ferrario 2005) , which, when extrapolated to the more massive progenitors implies a similar wide spread in neutron stars progenitors (Ferrario & Wickramasinghe 2006) . Hence, apparently it seems that a fossil magnetic field might be the solution of the origin of such strongly magnetized neutron stars, without the need of invoking dynamo actions on utterly fast spinning proto-neutron stars.
However, this lead to the problem of the formation of such high B progenitor stars. The most common idea is that the magnetic field in the star reflects the magnetic field of the cloud from which the star is formed. The best studied very massive stars (around ∼40 M⊙) with a directly measured magnetic field are θ Orion C and HD191612, with dipolar magnetic field of 1.1 kG and 1.5 kG, respectively (Donati et al. 2002 (Donati et al. , 2006 . Very interestingly, the magnetic fluxes of both these stars (1.1 × 10 27 G cm 2 for θ Orion C and 7. tars revealed strong evidence that these objects are formed from the explosion of very massive progenitors (M >30 M⊙).
In particular: i) a shell of HI has been detected around 1E 1048.1-5937 , and interpreted as ISM displaced by the wind of a progenitor of 30-40 M⊙ (Gaensler et al. 2005) ; SGR 1806-20 and SGR 1900+14 have been claimed to be hosted by very young and massive star clusters, providing a limit on their progenitor mass of > 50 M⊙ (Fuchs et al. 1999; Figer et al. 2005; Davies et al. 2009 ) and >20 M⊙ (Vrba et al. 2000) , respectively. Finally, CXOU 010043-7211 is a member of the massive cluster Westerlund 1 (Muno et al. 2006; Ritchie et al. 2010) , with a progenitor with mass estimated to be > 40 M⊙ (see also Clark et al. 2014) . have started the idea of studying the energetics of supernova remnants surrounding magnetar with the aim of disentangling a possible energetic difference between those remnants and others surrounding normal pulsars. Their work did not find any clear evidence i.e. of an additional energy released in the remnant possibly due to an excess of rotational energy at birth.
Following this study we decided to extend their work re-analyzing all available XMM-Newton or Chandra data of all confirmed and bright SNRs associated with a magnetar or with a high-B pulsar showing magnetar-like activity, and comparing in a coherent and comprehensive way all the extracted properties of these SNRs with other remnants: in particular line ionization and X-ray luminosity. In section § 2 we report on the data analysis and reduction of our observational sample, in §3 the results of our analysis, and we discuss our findings in §4.
DATA ANALYSIS AND REDUCTION
In this work, our approach has tried to be as conservative and model independent as possible. In particular, our target sample has been chosen such to include all confirmed associations (see the McGill catalog 1 for all proposed associations), and among those, we chose only those supernova remnants bright enough, and with sufficiently good spectra, to perform a detailed analysis and classification of their spectral lines. We analyze the X-ray spectral lines of four SNRs hosting a neutron star that showed magnetar-like activity in its center: Kes 73, CTB 109, N 49 and Kes 75. We use for all targets the best available archival data: from the XMMNewton telescope in the case of Kes 73, CTB 109 and N 49 , and Chandra for Kes 75. The observations used are summarized in Table 1 . To compare coherently all the spectral lines and fluxes we observed for these remnants we have chosen to use an empirical spectral fitting for all SNRs. We have modeled all spectra using one or two Bremsstrahlung models for the spectral continuum, plus Gaussian functions for each detected spectral line. We added spectral lines one by one until the addition of a further line did not significantly improve the fit (by using the F-test). This approach is totally empirical, with respect of using more detailed ionized plasma models, but ensures a coherent comparison between different remnants. In Table 5 , we report also the results of our spectra modeled with ionized plasma models, for a comparison with the literature.
XMM-Newton data
We use images in full-frame mode obtained from the European Photon Imaging Camera (EPIC) PN (Strüder et al. 2001) and MOS (Turner et al. 2001) . The spectra of these images are fitted simultaneously in order to obtain the spectrum with the maximum possible number of counts. We used the specific software for XMM-Newton data, Science Analysis System (SAS) v13.5.0 with the latest calibration files. To clean images of solar flares, we used the SAS tool tabtigen to choose the good time intervals and extract them and the spectra with evselect. Source and background spectra were extracted from each single image with pattern 4 for PN images and pattern 12 for MOS. The spectra and the backgrounds corresponding to the same regions and the same detector were merged using the FTOOLS routine mathpha and we compute the mean of the response matrices (RMF) and the ancillary files (ARF) weighted by the exposure time using the tools addrmf and addarf (this means, that we keep PN, MOS1 and MOS2 data separately and we merge the spectra when they come from the same detector). Finally, we binned the spectra demanding a minimum of 25 counts per bin to allow the use of χ 2 -statistics. We analyze the spectrum of each nebula considering its entire extension. For Kes 73, the nebula is completely covered in the EPIC PN, MOS 1 and MOS 2 detectors and we consider all of them in the analysis. In the case of CTB 109, the SNR is too large to be included entirely in a single pointing. The images with the XMM-Newton data ID: 0057540101, 0057540201 and 0057540301 correspond to south, north and east pointings of the remnant. We computed the spectra of each pointing, also considered the EPIC PN, MOS 1 and MOS 2 cameras. For N 49, the exposure time of the MOS detectors is very low in comparison with PN. For this reason, we did not use the MOS data to avoid statistical noise in the data.
Chandra data
In the case of Kes 75, the best available observations were performed with Chandra using the Advanced CCD Imaging Spectrometer (ACIS). The ID numbers of the data used are in Table 1 . We used the standard reduction software for Chandra , the Chandra Interactive Analysis of Observations (CIAO) v4.5. The spectra and the backgrounds were extracted using the routine specextract and the RMFs and ARFs using mkacisrmf and mkwarf respectively. Finally, we combine the spectra demanding a minimum of 25 counts per energy bin using combine spectra.
SPECTRAL ANALYSIS AND RESULTS
We report the fitted spectra in figure 3 , while reporting the best fitting models and relative parameters in Tables 3 and  4 . For the spectral analysis, we used the program XSPEC (Arnaud 1996) v12.8.1 from the package HEASOFT v6.15. As anticipated above, we have used for all SNRs a spectral model comprised of photo-electric absorption (phabs), one or two Bremsstrahlung models (brems), plus a series of Gaussian functions to model the emission lines. Even if more physical ionized plasma models such a vnei, vshock or vpshock could be used to fit those SNRs: e. g., Kumar et al. (2014) for Kes 73, Sasaki et al. (2004 for CTB 109, Park et al. (2012) for N 49 and Temim et al. (2012) for Kes 75; we prefer to use a more empirical approach to compare coherently the emission lines and luminosities of those objects, which is the aim of our work. Below we summarize for each studied remnant our results in the context of the general properties of the SNR.
In Figure 2 we show the background regions we have chosen for this analysis. We have tried several different regions finding consistent results. During the spectral analysis we checked that subtracting the background spectra or fitting it separately from the remnant spectra and subtracting its best fitting model, gave consistent results.
Kes 73
Kes 73 (also known as G27.4+0.0) is a shell-type SNR. Its dimensions are about 4.7 ′ × 4.5 ′ and it is located between 7.5 and 9.8 kpc (Tian & Leahy 2008b) . The central source is the magnetar 1E 1841−045 discovered as a compact X-ray source with the Einstein Observatory (Kriss et al. 1985) , and confirmed as a magnetar in ; Gotthelf et al. (1999b) . The period of the magnetar is 11.78 s and its period derivative is 4.47 ×10 −11 s s −1 . The resulting dipolar magnetic field is 7.3 ×10 14 G, the spin-down luminosity is 1.1 ×10 33 erg s −1 and the characteristic age is 4180 yr. The age of the SNR shell is estimated around 1300 yr , which is consistent with the age between 750 and 2100 yr estimated by Kumar et al. (2014) . Kes 73 has been also observed by ROSAT (Helfand et al. 1994) , ASCA , Chandra (Lopez et al. 2011) and Suzaku (Sezer et al. 2010) .
Kes 73 shows a quite spherical structure with 1E 1841-045 in the center of the remnant (see Figure 1 ). In the western part of the nebula (right-hand side of the images), we distinguish a shock ring which encloses the central source from west to east of the image passing below the central source. Most of the flux is emitted between 1 and 3 keV. Finally, we analyzed the total spectrum of the nebula excluding a circle of 40" around the central source to exclude possible contamination from the central object. The background spectrum has been extracted from a surrounding annular region shown in Figure 2 , avoiding gaps between the CCDs to ensure good convergence of the response matrices. The continuum spectrum has been fitted with two plasmas with temperatures of 0.43 keV and 1.34 keV. The absorption column density obtained is NH = 2×10 22 cm −2 . We detected 6 lines. The most prominent is the Fe XXV at 6.7 keV with an equivalent width (EW) of 1.89 keV. Other lines are Mg XI at 1.35 keV (EW=95 eV), Si XIII at 1.85 keV (EW=0.37 keV), Si XIII at 2.19 keV (EW=46 eV), S XV at 2.45 keV (EW=0.38 keV) and Ar XVII at 3.13 keV (EW=0.12 keV).
CTB 109
CTB 109 (also G109.2-1.0) was discovered in X-rays with the Einstein Observatory by Gregory & Fahlman (1980) , it is 30 ′ × 45 ′ wide and the estimated distance is about 3 kpc . The central source is the magnetar 1E 2259+586 with a spin period of 6.98 s (Fahlman & Gregory 1983 ) and a period derivative of 4.83 ×10 −13 (Iwasawa et al. 1992) . The dipolar magnetic field is about 5.9 ×10 13 G, the spin down power is 5.6 ×10 31 erg s −1 and the characteristic age is 229 kyr. Despite the large characteristic age of the pulsar, the estimated true age of the remnant is about 14 kyr . CTB 109 has been observed also in X-rays with ASCA (Rho et al. 1998), BeppoSAX (Parmar et al. 1998 ) and ROSAT (Hurford & Fesen 1995; Rho & Petre 1997) .
The spectrum covers the entire shell and combines the three observations detailed in Table 1 . The background regions used are shown in Figure 2 . We observe that the main contribution to the flux is in the energy range between 0.5 and 2 keV. Some known X-ray sources in the field of view have been excluded in our analysis.
In this case we used two Bremsstrahlung models to fit the continuum, with temperatures of 0.07 keV and 0.20 keV. The measured absorption density is NH =2.83 ×10 22 cm −2 , and we detected 6 lines: N VII at 0.52 keV (EW=0.74 keV) and at 0.60 keV (EW=0.47 keV), Ne IX at 0.91 keV (EW=0.15 keV), Ne X at 1.01 keV (EW=68 eV), Mg XI at 1.35 keV (EW=0.34 keV) and Si XIII at 1.86 keV (0.28 keV).
N 49
N49 (also SNR B0525-66.1) is a SNR located in the Large Magellanic Cloud (LMC). The associated central source is SGR 0526-66 with a period of 8.047 s (Mazets et al. 1979) and a period derivative of 6.6 ×10 −11 s s −1 . There is some uncertainty in the association of SGR 0526-66 with N49 (see Gaensler et al. 2001 ). The inferred dipolar magnetic field is 7.3 ×10
14 G, the spin-down luminosity is 4.9 ×10 33 erg/s and the characteristic age is ∼2 kyr. The nebula is 1.5 ′ × 1.5 ′ , this means that assuming a distance of 50 kpc the diameter of N49 is ∼22 pc. Park et al. (2012) establish a Sedov age for the nebula of ∼4.8 kyr and a SN explosion energy of 1.8 ×10 51 erg.
SGR 0526-66 is located in the north of the remnant. The brightest part of the nebula is in the southeast, coinciding with dense interstellar clouds (Vancura et al. 1992; Banas et al. 1997; Park et al. 2012 ). This part of the remnant also has contributions between 3 and 10 keV, while the contribution of the rest of the nebula is clearly negligible at this range. In Figure 1 , we show a color image of N49. We analyze the total spectrum of the nebula excluding a circle of 20" around the central source to avoid its contribution to the spectrum.
The absorption of N49 has two components: one is related with the Galactic absorption and the other is the absorption produced by LMC. The Milky Way photoelectric absorption towards N49 is fixed as NH = 6 × 10 20 cm −2 (Dickey & Lockman 1990; Park et al. 2012) . We include a second absorption component to take into account the absorption column density for LMC, where we use the abundances given by Russell & Dopita (1992) ; Hughes et al. (1998) ; Park et al. (2012) . We obtain an absorption column density of NH = 0.7 × 10 22 cm −2 for the LMC contribution. The continuum is represented by two Bremsstrahlung models with temperatures of 0.23 keV and 1.14 keV. In this case, we have detected 9 lines: O VII at 0.57 keV (EW=0.20 keV), O VIII/Fe XVIII at 0.77 keV (EW=0.34 keV), Ne X at 1.03 keV (EW=33 eV), Mg XI at 1.33 keV (EW=62 eV), Mg XII at 1.46 keV (EW=20 eV), Si XIII at 1.85 keV (EW=0.30 keV), Si XIV at 2.00 keV (EW=0.13 keV), S XV at 2.44 keV (EW=0.30 keV) and Ar XVII at 3.12 keV (EW=0.11 keV).
Kes 75
Kes 75 (G29.7-0.3) is a composite SNR. The X-ray emission of the partial shell is extended in two clouds in the southwest and southeast part of the image (see Figure 1) . It was observed firstly in X-rays by Einstein (Becker et al. 1983) showing an incomplete shell of 3' in extent. In the center of the nebula, there is a bright pulsar wind nebula (PWN), which was spatially resolved by the Chandra observation (Helfand et al. 2003; Ng et al. 2008) , and PSR J1846-0258 powers it. This pulsar was discovered using the RXTE telescope and localized within an arc minute of the remnant using ASCA . The period of the pulsar is ∼326 ms and the period derivative 7.11 × 10 −12 s s −1 (e. g., Livingstone et al. 2011a) . This leads to a spin-down energy loss of 8.1×10
36 erg s −1 , a magnetic field of 4.9×10 13 G and a characteristic age of 728 yr. Livingstone et al. (2006) estimated a braking index of 2.65±0.01. Despite its early classification as a typical rotational powered pulsar, PSR J1846-0258 showed magnetar-like activity via short bursts Figure 4 . X-ray luminosity of all observed, and securely associated, X-ray emitting SNRs containing a magnetar, a CCO, a high-B pulsar or a normal pulsar, plotted versus magnetic-field (top-left), age (top-right), spin-down luminosity (bottom-left) and remnant radius (bottom-right). and the outburst of its persistent emission (Gavriil et al. 2008; Kumar & Safi-Harb 2008) enabling its classification as (at least sporadically) a magnetically powered pulsar. There is a big uncertainty in the distance of this SNR in the literature (Caswell et al. 1975; Milne 1979; McBride et al. 2008; Becker & Helfand 1984) . Most recent estimates give a distance between ∼5.1-7.5 kpc based on H I absorption observations , and 10.6 kpc using millimeter observations of CO lines from an adjacent molecular cloud ). In our work, we adopt this value in order to compute the X-ray luminosity and the size of the SNR.
The spectrum of Kes 75 has been fitted using only one thermal Bremsstrahlung component with a temperature of 2.8 keV and an absorption column density of 1.79 × 10 22 cm −2 . Four clear lines are resolved using Gaussians: Mg XI line at 1.33 keV (EW=84 eV), two Si XIII lines at 1.85 (EW=0.23 keV) and 2.21 keV (EW=45 eV) and S XV at 2.44 keV (EW=0.18 keV).
DISCUSSION
In this work we have re-analyzed in a coherent way the X-ray emission from SNRs around magnetars, and compared their emission lines and luminosities. The aim of this study was to search for any possible trend or significant difference in SNRs associated with different types of neutron stars. This work complements and extends the work by , providing a detailed description of the spectra for Kes 73, Kes 75, N 49 and CTB 109 , and compares them directly with other remnants with similar spectroscopic X-ray studies. We also looked for any possible trend or significant difference in the ionization state and X-ray luminosity of SNRs associated with different types of neutron stars.
Spectral lines comparison with other SNRs
X-ray spectra of SNRs are usually fit with plasma models (see also Table 5 ). In this work we proceed to fit the spectra of Kes 73, CTB 109, N 49 and Kes 75 using a thermal Bremsstrahlung model for the continuum emission and Gaussians for the lines. Our main aim is to have an estimate of line centroid energy, to identify it properly. We have then used the simplest continuum model to reduce the free parameters of the fit 2 . One could expect that the excess of rotational energy released by the magnetar during the alphadynamo process could be stored in the ionization level of the lines present in the spectrum. If the energy release is higher than in a normal SNR, heavy elements such as silicon (Si), sulfur (S), argon (Ar), calcium (Ca) or iron (Fe) could be systematically at a higher state of ionization. In Table 3 , we collected all SNRs with detailed spectroscopic studies in the literature and we see that the typical elements detected are O VII, O VIII, Ne IX, Ne X, Mg XI, Mg XII, Si XIII, Si XIV, S XV, S XVI, Ar XVII, Ca XIX and Fe XXV. The only lines detected in all four of the spectra are the Mg XI line at 1.33 keV and Si XIII at 1.85 keV. For comparison, we also fitted the spectra of the SNRs using a vnei model (e. g., Borkowski et al. 2001) . The results are summarized in the Table 5 . We have added a thermal Bremsstrahlung component in some cases. The temperature of the vnei plasma is always higher than for the thermal Bremsstrahlung, with the exception of N49 in which the temperature for vnei is 0.17 keV (0.99 keV for Bremsstrahlung). The abundances obtained in both models show similar tendencies. For Kes 73 and N 49, the abundances of Si and S are quite above the solar ones. CTB 109 shows low abundances with respect to the solar ones for O, Ne, Mg, Si and Fe. Due to the complexity of the N 49 spectrum, some lines have not been reproduced well by the plasma models and we have added them using gaussian profiles to improve the fit. In summary, our spectroscopic X-ray analysis of these sources shows compatible results with other non-magnetar SNRs already reported in literature.
Comparison with other SNRs
In Figure 4 we have collected from the literature the X-ray luminosities from 0.5 to 10 keV of all observed SNRs brighter than ∼ 10 33 erg s −1 , with an age lower than 100 kyr and having a confirmed association with a central source. For these remnants, we obtain the age, distance, approximate radius, magnetic field and spin-down luminosity of the central source (whenever possible) from the literature. All this information is summarized in Table 6 . We have plotted the SNRs luminosities (excluding the contribution of the central neutron star luminosity) as a function of the SNR age and dimension (although note that the latter parameter is highly dependent on the environment of each remnant). For those remnants having a central neutron star with measured rotational properties, we plot the SNR luminosity as a function of the pulsar surface dipolar magnetic field at the equator (B = 3.2 × 10 19 PṖ G), and the pulsar spin down luminosity (L sd = 3.9 × 10 46Ṗ /P 3 erg/s; always assuming the neutron star moment of inertia I = 10 45 g cm 2 ), and where P is the pulsar rotation period in seconds andṖ its first derivative.
In order to search for any correlations in the SNRs and pulsars characteristics (see Figure 4) , we run a Spearman test. We searched for correlations between the X-ray luminosity and other features of the sources of our sample, such as dimension of the remnant, age, surface magnetic field strength and spin down power of the associated pulsar. To this end, we employed a Spearman rank correlation test, and evaluated the significance of the value of the coefficient of correlation r obtained, by computing t = r (N − 2)/(1 − r 2 ), which is distributed approximately as Student's distribution with N − 2 degrees of freedom, where N is the number of couples considered. The results we obtained are listed in Table 2 ; no correlation is found at a significance level larger than 99% , or any significant difference in luminosity between SNRs surrounding magnetars and those around other classes of isolated neutron stars.
We have also been looking at the number of pulsars having detected SNRs as a function of age, and compared Table 2 . Spearman correlation coefficient (r), number of couples considered (N) and probability that the two samples are not correlated (p) evaluated by comparing the X-ray luminosity of the sources of our sample with the age, radius, surface magnetic field strength and spin down luminosity.
it to the magnetar case. We caution, however, that there are several systematic effects in this comparison (different detection wavebands, distance, low number of magnetars in comparison with pulsars, etc.), but we were mostly interested in looking for a general trend. In Figure 5 we plot the result of this comparison, where we can see how on average (with all the due caveats) for a similar age, pulsars and magnetars seem to show a similar probability to have a detected SNR.
CONCLUSIONS
We have reported on the re-analysis of the X-ray emission of SNRs surrounding magnetars, using an empirical modeling of their spectrum with a Bremsstrahlung continuum plus several emission lines modeled by Gaussian functions. Our analysis, and the comparison of the emission of those remnants with other bright SNR surrounding normal pulsars suggest the following conclusions:
• We find no evidence of generally enhanced ionization states in the elements observed in magnetars' SNRs compared to remnants observed around lower magnetic pulsars.
• No significant correlation is observed between the SNRs X-ray luminosities and the pulsar magnetic fields.
• We show evidence that the percentage of magnetars and pulsars hosted in a detectable SNR are very similar, at a similar age.
Our findings do not support the claim of magnetars being formed via more energetic supernovae, or having a large rotational energy budget at birth that is released in the surrounding medium in the first phases of the magnetar formation. However, we note that although we do not find any hint in the SNRs to support such an idea, we cannot exclude that: 1) most of the rotational energy has been emitted via neutrinos or gravitational waves, hence with no interaction with the remnant; or 2) we are restricted to a very small sample, and with larger statistics some correlation might be observed in the future. This work was supported by grants AYA2012-39303, SGR2009-811, iLINK 2011-0303 and the NewCOMPSTAR MP1304 COST Action. NR is supported by a Ramón y Cajal fellowship and by an NWO Vidi Award. AP is supported by a Juan de la Cierva fellowship. We are indebted to Samar Safi-Harb and Harsha Kumar for providing the Chandra data on Kes 75, and for useful comments. We also thank Manami Sasaki and the referee for comments and suggestions that improved the manuscript. -- (1.09 C=0.30, N=0.12, O=0.26, Ne=0.33, Na=0.30, Mg=0.32, Al=0.30, Si=0.30, S=0.31, Cl=0.31, Ar=0.54, Ca=0.34, Cr=0.61, Fe=0.36, Co=0.30 & Ni=0.62 . We have added also the galactic absorption N H = 6 × 10 20 cm −2 . 
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